In this work, densities of dimethyl sulfoxide + 1-allyl-3-methylimidazolium chloride mixtures 
solvents in order to reduce the viscosity, or enhance the transport properties [9] , because it is well known that molecular solvents decrease the viscosity of alkyl-imidazolium ionic liquids while other impurities as chloride increase it [10, 11] .In the case of cellulose processing it is important that the co-solvent chosen do not cause the precipitation of cellulose thus, dimethyl formamide or most frequently dimethyl sulfoxide (DMSO) are used [12] [13] [14] . Thus, it is important to know the physical properties of these mixtures at different operational conditions In literature, it is possible to find several published works where the density and viscosity of several imidazolium chloride based ionic liquids are determined along with co-solvents or impurities. For example, Lv and coworkers [15] , measured the effect of the DMSO in the viscosity of the ionic liquid + cellulose mixtures and concluded that the addition of DMSO in cellulose/AmimCl or cellulose/BmimCl decreases dramatically the viscosity of them. Densities, excess volume, viscosities and other thermodynamics properties of aqueous mixtures of alkylimidazolium chloride based IL's has also been studied among others by Sastry et al. [16] , Tariq et al. [17] , Liu et al. [18] , Sing & Kumar [19] and Gomez et al. [20] . Properties of aqueous mixtures of AmimCl by Xu et al. [21] , Wu et al. [22] , and Jimenez and co-workers [23] . Kumar et al. [24] , proceed to measure the density of mixtures ethylene glycol + alkyl-imidazolium chloride ionic liquids at atmospheric pressure. Lopes et al. [25] measured the density and viscosity of mixtures CO 2/AmimCl and correlate the viscosity with a modified equation from Seddon et al. [10] . In general, it is observed that density decreases with temperature and with co-solvent concentration.
Some other authors have studied the influence of the pressure in the density. MPa [28] . Gardas et al. [29] measured the density of imidazolium-based Ionic Liquids and then correlated it with the Tait equation. All of them found that the density of ionic liquids increased with pressure. There is also a number of works presenting densities of different organic liquids + different organic solvents under pressure [30] [31] [32] [33] , observing also that the density of the mixture increases with pressure.
In the literature, examples of both positive and negative excess molar volumes in co-solvent + ionic liquid mixtures can be found. In [34] Bahadur et al. studied the excess molar volume in mixtures of ionic liquid and water, and they concluded that excess molar volumes are the result of two competitive effects, a positive effect caused bythe reduction of self-association between molecules due to the influence of the hydrogen bonds or Van der Waals interactions, and a negative effect that could be a result of a better packing caused of polar interactions between molecules. In mixtures of co-solvents with imidazolium chloride or acetate ionic liquids it is reported that excess molar volume is decreasing with increasing cosolvent concentration until reaching a minimum for molar fractions of around 0.6-0.7 [20, 23] . Sandhya et al. studied the influence of the temperature and alcohol's length in the excess volume, and they found that when the temperature and the alcohol chain length increases, the mixture becomes less ideal, and the point where the excess molar volume is maximum moves to higher compositions [35] . On the other hand, Makhtarani et al. measured the behavior of binary mixtures of pyridinium based ionic liquid plus water, and they found that the mixtures have positive excess molar volume, and it is less ideal when the temperature increases [36] .To the best of our knowledge, there are no experimental data of densities and excess molar volume of mixtures DMSO + AmimCl.
In this work the density of mixtures of DMSO + AmimCl at various conditions of temperature, pressure and concentration are presented. Excess molar volumes were calculated using the experimental density data. Density was correlated as a function of temperature, pressure and composition.
Experimental:

Materials.
For the calibration, pure water and vacuum were used. Density of toluene was measured in order to check the calibration. Both compounds, water and toluene were supplied by Sigma Aldrich with purities of 100% and 99.8% respectively. The DMSO has a purity of 98% and was supplied Good results of humidity were obtained after this procedure as it is shown in Table 1 . In addition, the ionic liquid was carefully handled in order to avoid absorption of water from the air, as it is explained below. Figure 1 . The basis of a vibrating tube densimeter is that the resonance frequency of a body immersed in a fluid depends on the density. The vibrating tube viscometer is a simple device consisting mainly of a thin "U" tube filled with the liquid which density we want to determine. It is important that the conditions of pressure and temperature of these calibrations are the same that the final intended measuring conditions. Previous to the measurement of the mixtures DMSO + AmimCl, toluene density was measured in order to compare with the available data on Refprop [37] . The equipment was previously described in [38, 39] . 
Densimeter loading and measuring procedures
Ionic liquids are in general very hygroscopic, so they must be handled with extreme care in order to avoid their humidification. Thus to charge the mixture in the densimeter the following procedure was used: first of all, a vacuum pump is connected to the pipe, and then, when the pressure inside is lower than 10 -2 mPa the pump is stopped and the valve V-2 is closed. Secondly, a funnel filled with the mixture is connected to the pipe. In the next step, the valve V-1 is opened and the mixture enters and fills the equipment. It is important to avoid that air bubbles enter in the pipe because they can modify the density measurements.
While working with the highly viscous mixture, during the filling step, the bath temperature is set to 80ºC so the mixture can flow easily through the pipe. Finally, all valves are closed, so the mixture keeps insulated from water.
After the mixture is introduced inside the equipment, the bath temperature is set to the first temperature, and then the densities of the mixture at the specified temperature in all range of
pressures are measured. Finally, the next temperature is set up in the bath and the process is repeated.
Evaluation of the uncertainty
In this work the calibration method for the vibrating tube densimeter developed Lagourette et al.
[40] and modified by Comuñas et al. [39] was used. In this method, the density of one fluid depends on the oscillation period as is described in the equation ( 1 ):
With two sets of data, for (vacuum and high purity water) it is possible to determine the calibration constants "A" and "B" that are the characteristic parameters of the apparatus, for every operational condition. In this work, vacuum and high purity water were used as reference fluids.
Equations of uncertainty of the vibrating tube densimeter can be calculated from [38] following the law of propagation of uncertainty described in JCGM 100: 2008 [41] . The uncertainty achieved has the same order of magnitude as that obtained by others authors using the same or similar equipment. [38] Finally, the density of toluene measured with the densimeter is compared to data from Refprop [37] resulting in a proper fit with the experimental data.
Experimental results
Densities of DMSO + AmimCl.
Densities at different DMSO molar fractions as a function of pressure and temperature are presented in tables from Table 2 to Table 11 . Density of a mixture of xDMSO = 0.729 at various temperatures is plotted versus pressures in Figure 2 . It is observed that density increases linearly with pressure and decrease with temperature. The same behavior is observed for all the concentrations studied. In Table 12 a comparison between the densities obtained in this work by the VTD and the data from Jiménez et al. [23] obtained using a Stabinger viscosimeter-densimeter at atmospheric pressure is presented. Both set of data are consistent. In Figure 3 , densities measured at 6 MPa are plotted versus DMSO composition at various temperatures. It is observed that the density is decreasing with DMSO molar function. Small scattering in the data at concentrations between 0.05 and 0.25 are observed and were attributed to the different water content of the samples used. The Figure 5 shows that the density also presents a linear tendency with the temperature.
Excess molar volume
Molar volumes were calculated considering the difference between the experimental and the theoretical value, using equation ( 2 ) the contribution of the water in the mixtures was taken into account.
Where MIL, MH2O and MDMSO are the molar weights of the components, and Vm is the experimental molar volume and Vm id is the ideal molar volume both in cm 3 mol -1
. Water density data were taken from Refprop [37] . Density of DMSO was measured in this work. In the case of the IL a linear tendency was assumed to obtain the density of the pure substance. water [20, 23, 42, 43] .
In the case of DMSO + AmimCl this curve is more negative compared to the same ionic liquid mixed with water [23] . The negative excess molar volume is due to the effect of packaging between molecules of DMSO and ionic liquid. They increase the packing of the structure and as a consequence, the density of the real mixture is higher than the theoretical one [11] . Beyond the minimum an increase of the molar fraction of DMSO, the excess of the molar volume tends again In Figure 7 the excess molar volumes of the mixtures with molar fractions of 0.241 and 0.140 of DMSO are represented as a function of temperature at various pressures. As it can be seen from Figure 7 , the excess molar volume presents a maximum when it approximates to 333.15 K, temperature near the melting point of the IL (324 K according to Lopes et al [45] ). This behavior was found in more concentrations as is shown in Figure 8 , being more pronounced at concentrations from 0.048 to 0.482. To the best or our knowledge, this behavior has not been described by others authors before. In Figure 9 excess molar volume was plotted versus DMSO molar fraction. In general the pressure has a small influence in the excess volume, that decreases slightly with the pressure, being the slight molar volumes more negatives at lower pressures as observed in Figure 7 and Figure 9 .
Density correlation of mixtures DMSO + AmimCl
The data were adjusted to an empirical correlation as a function of the temperature, the pressure and the composition. The correlated parameters are shown in Table 13 . 
Conclusions
In Density was correlated as a function of the temperature, pressure and composition of the mixture.
A good fitting has been achieved with an %ARD = 0.12%.
